Abstract
Introduction
In recent years, electrical industry has undergone fundamental changes. Reliability and quality of power delivered to the customers has become very important issues. On the other hand, power loss is an issue that needs to be considered and reduced as much as is possible. One way to increase the power quality and the reliability of distribution networks is to optimize the network configuration. Reconfiguration of electrical distribution networks, especially in the presence of automation systems is an operational goal. In addition, presence of distributed generation can significantly increase quality level of the network.
Many researches with different goals to find the optimum network configuration have been done in recent years. For example, [1] has used a feeder transfer scheme to moderate voltage sag propagation in distribution systems. The improved genetic algorithm GA is used to find new optimum topologies with minimum power losses [2] . Improvement of power losses and voltage profile in power distribution networks by applying differential evolution algorithm for optimal network reconfiguration and DSTATCOM allocations is done in [3] . In [4] , genetic algorithm is applied to achieve minimized losses in
PQ and Reliability Assessment Indices
The main goal of the operators is to deliver a high quality power to consumers. So, power quality indices are very important to be analyzed. In this case, number of propagated voltage sags (N sag ) and the total number of interruptions (N int ) are calculated by monitoring each bus's voltage magnitude (V i ) for the test system. Annual N sag can be obtained as follows [13, 14] :
The total number of continued interruptions for sensitive buses is equal to N sag and the total number of interruptions per year for non-sensitive loads is assumed as follows [13, 14] :
Reliability indices of distribution systems are categorized into three groups. The SAIFI is a short-term index, ASIFI indicate load-related indices and MAIFI represents continued interruption [15] .
The SAIFI determines the sustained customer interruptions, ASIFI defines the financial losses caused by load outages and MAIFI shows customer disruption because of protection device operations. In Figure 2 , the distance between the imperialist and the colony has been shown with d, X and θ are defined as random numbers with uniform distribution according to the following:
In (6), β is a number larger than 1 which enables the colony to approach the imperialist from different directions during its movement. According to (7), γ is a parameter which can have an arbitrary value. If γ is considered to be a small value, the movement of the colony toward the imperialist is a movement near the vector between the imperialist and colony, and if γ is considered to be a large value, the colony moves toward the imperialist with a larger angle compared to the vector between the imperialist and colony. An appropriate selection for these parameters can be β=2 and γ=π/4 (according to radians) [16] . During the movement of colonies toward the imperialist country, some colonies may reach to a better position (positions with less cost) than the Empire. In this case, imperialist and colony countries change their places and the algorithm continues with the imperialist country in a new position; this time, it is the new Empire country which starts to impose the assimilation policy on its colonies. The replacement of the imperialist and colony has been shown in Figure 3 .
Figure 3. Replacement of the Imperialist and Colony
In Figure 3 , the best colony of the Empire which has less cost than the Empire itself has been shown with a darker color. The power of each Empire is determined by the amount of power of the imperialist and its colonies. In order to model mathematical equation for the power of each Empire, it can be said that the power of each Empire is equal to the total power of the imperialist and a percentage of the total power of the colonies. By setting the formation of initial Empires, the imperialist competition begins among Empires. During this process, weak Empires (with high cost) inevitably lose their colonies and these colonies are assimilated by stronger Empires with a random probability. Finally, this process continues until weak Empires lose all of their colonies and are assimilated as a colony by the stronger Empire. Eventually, one strong Empire remains which is consisted of all colonies and the problem is converged [17] .
Objective Functions and Constraints
The main aim is to introduce an optimal network configuration to reduce N sag and the mentioned reliability indices. Meanwhile, total line losses should be decreased. The objective functions are expressed as follows [18] : 
Where, N sag_max and P loss_max are the maximum number of sags and maximum power loss in the system, respectively. The both are used to normalize individual objectives in the objective function. The most important constraints are the radial structure of the network, standard limits of the nominal bus voltages a nd acceptable limits of power loss.
Simulation Results
Reconfiguration is the act of changing default status of the tie and sectionalizing switches in the distribution network and introducing a new configuration for the network in order to satisfy objective function and constraints. In this case, each country of the imperialist competitive algorithm consists of the status of the switches. In order to avoid unfeasible solutions during optimization process, an encoding and decoding technique is suggested in [19] . So, the network always remains as a radial distribution network. Simulation is performed for a 33 bus test system in Figure 4 . Table 1 contains the required information of the test distribution network.
Optimization parameters are given in Table 2 . In Table 2 , the necessary parameter setting for the optimization algorithm is presented. Simulation of the 33 bus test distribution system has been done in absence and presence of distributed generations. In the first mode, there are no DGs in the network and in the second mode three DGs are allocated in the bus numbers of 10, 20 and 24. The rated power of the DGs is equal to 1000 KW. Table 3 determines the switches for each index. In Table 3 , the tie switches before and after optimization is defined for each index separately. Figures 5 to 8 shows the voltage profile of the distribution network before and after reconfiguration for each index separately.
Figure 4. 33 Bus Distribution Test System
International Journal of Grid and Distributed Computing Vol. 9, No. 4 (2016) As it can be seen in figure 5 , SAIFI index is in a better condition after reconfiguration. According to Figure 6 , ASIFI index has been improved on the most of the buses after reconfiguration. Figure 7 indicates improvement on MAIFI index. Also N sag index has a better condition on the most of the buses according to the Figure 8 . Power loss is also has been analyzed. Table 4 shows the value of power loss for optimization of each index. It's also visible that power loss has always been reduced. In this part, effect of distributed generations on the distribution network is analyzed. All of the above results are discussed again in presence of DGs with the rated power of 1000 KW in the buses number 10, 20 and 24. Table 5 contains the selected witches for each index before and after configuration in presence of DGs. Voltage profile of the distribution network before and after reconfiguration for each index is presented in Figures 9 to 12 . Presence of distributed generations can directly affect voltage profile. Figures 9 to 12 shows the voltage profile before and after reconfiguration. According to these figures, SAIFI, ASAIFI, MAIFI and N sag indexes have better condition after reconfiguration even when the DGs are connected to the grid. Power loss in presence of DGs has also been developed. Table 6 shows power loss before and after optimization in distribution test system with distributed generations.
Conclusions
Network reconfiguration with different objective functions is suggested in this paper with and without distributed generations. The main goal is to enhance power quality and reliability of distribution systems. Imperialist Competitive algorithm has been hired to conduct optimization problem. Results show the effectiveness of the proposed method and all the indices are developed after reconfiguration. Tie switches and voltage profile are separately analyzed. Power loss has also been considered for each index. Simulation results in presence of distribution generation have also been analyzed and the effect of DGs as a direct power supply has been discussed in the paper. It can be concluded that Network reconfiguration can develop distribution network; but, network reconfiguration in presence of distributed generations can significantly enhance distribution system indices. 
